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ABSTRACT 
The spawning biomass of P a c i f i c  herr ing,  CZupea harengus 
paZZaai, i n  San Francisco Bay and Tomales Bay was estimated 
t o  be 59,000 tons  and 11,200 tons, r e spec t ive ly  during t h e  
1982-83 season. This represents  a 40% dec l ine  in San 
Francisco Bay and a 50% increase  i n  Tomales Bay populations. 
Unusually high ocean temperatures and record r a i n f a l l  in 
Cal i fo rn ia  are believed t o  have a f fec ted  t h e  d i s t r i b u t i o n  
and/or su rv iva l  of herr ing and caused changes i n  spawning . 
habi ts .  
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INTRODUCTION 
In 1973, the California Department of F i sh  and Game began estimating 
the  annual spawning biomass of Paciflc herring, Chpea hmmgus paztasi, 
in Tomales and San Francisco Bays (Spratt, 1981)- Biomass is derived from 
estimates of eggs deposited during each season. Both bays a r e  re la t ive ly  
s m a l l  in area. and a r e  well suited f o r  intensive spawning-ground surveys. 
Tomales Bay biomass estimates averaged about 6000 tons from 1973 t o  1981, 
but increased t o  7100 tons 'in 1382 (Spratt, 1 9 8 2 ~ :  The San Francisco 
' Bay estinmtes began t o  increase in 1978 as sampling techniques were improved, 
and the spawning biomass peaked a t  100,000 tons i n  1982 (Spratt, 1982b). 
~ 
This report  includes spawning bfomass estimates f o r  Tomales Bay and 
I San Francisco Bay during the 1982-83 spawning season, and it provides a 
continuous series of annual herring spawniag biomass estimates from 1973-74 
onward. These data  a r e  the  basis of the  herring roe f ishery management plan. 
DESCRIPTION OF STUDY AREA 
Tomales Bay 
Tomales Bay l i e s  in Marin County, a short  distance north of San 
Francisco. It is 20 km (12.4 miles) long and averages more than 1.3 km 
(0.9 miles) wide. Bardwick (1973) mapped the d is t r ibut ion  and abundance of 
marine f l o r a  in  Tomales Bay a d  found the eelgrass, &stem n k d ~ ,  comprised 
75% by weight of a l l v e g e t a t i a n  in the  bay. The d is t r ibut ioa  of eelgrass 
in Toplales Bay changes s l f sh t ly  each year and the  present d is t r ibut ion  
(Figure 1) was determined during March of 1983. Other species of marine 
flora are utirized as spaolning substrate in Tomdles Bay, but eelgrass is 
the odly  spawn- substrate fncluded in ray surveys. 
San Francisco 
The regular  survey a r e a  i n  San Francisco Bay includes  a l l  shore l ine  
and shallow s u b t i d a l  a r e a s  t o  a depth of 4.6 m (15 f t )  bounded by t h e  
Golden Gate Bridge, Richmond Bridge, and t h e  South Bay t o  Coyote Point  
(Figure 2). Spawning i n  San Francisco Bay is  both s u b t i d a l  and i n t e r t i d a l .  
I n t e r t i d a l  spawns i n  San Francisco Bay l i t e r a l l y  cover a l l  a v a i l a b l e  sub- 
s t r a t e  in t h e  area ,  including bare  rocks, sand, p i e r  p i l i n g s ,  and marine 
f l o r a .  The two major s u b t i d a l  spawning a r e a s  a r e  Richardson Bay and t h e  
e a s t  bay between Richmond and Oakland. They c o n s i s t  of spa rse  beds of 
Grac iZda  spp. in terspersed with UZvasp,and some ee lg rass .  The only 
shallow a reas  cons i s t en t ly  not  u t i l i z e d  f o r  spawning a r e  broad mud f l a t s  
with no vegetat ion.  
Tomales Bay Sampling Techniques 
This season's spawning-ground surveys were conducted from December 2,  
1982 t o  March 15, 1983. Spawn sampling techniques have remained r e l a t i v e l y  
unchanged s ince  1973 (Sprat t ,  1981). Every ee lg rass  bed (Figure 1) was 
sampled d a i l y  from a 4.6-pl (15-ft) boat by rowing a vegeta t ion sampler 
through t h e  bed. 
The d i s t r i b u t i o n  of ee lg rass  cha.nges yearly;  new beds a r e  discovered, 
o ld  ones disappear, and t h e  a r e a s  of some beds change s i g n i f i c a n t l y .  
Every year i n  March, a f t e r  spawning has nea r ly  stopped, t h e  a r e a s  of 
a l l  ee lg rass  beds a r e  remeasured and these  new da ta  a r e  used t o  c a l c u l a t e  
I a l l  of t h e  season's spawns. Previous es t imates  of ee lg rass  dens i ty  ranging 
2 from'0.5-4.0 kg/m (Sprat t ,  1981) were applied t h i s  season t o  each bed by 
I 
i j subject ive ,  on-si te  inspections.  
San Francisco Bay Sampling Techniques 
This seasont'$ spawning-ground surveys were conducted from November 
16, 1982 u n t i l  March 18, 1983. Techniques used i n  San.Francisco Bay t o  
estimate spawning biomass have evolved over t he  years  (Spra t t ,  1981), 
and current ly ,  the  major sampling e f f o r t  i s ' o n  sub t ida l  spawns, although 
. . 
i n t e r t i d a l  (shore-line) spawns st i l l  account f o r  a s i gn i f i can t  p a r t  of each 
season*s spawhing ac t i v i t y .  I n  order t o  compute biomass from subt ida l  spawns, 
2 it is necessary t o  determine t he  weight (kg/m ) of vege ta t ion  present i n  t he  
spawning area,  Each f a l l ,  Department d ive r s  c o l l e c t  quan t i t a t i ve  samples 
. . 
of vegetation from t h e  bay. The boundaries of known vegetat ion beds were 
determined by dragging a vegetat ion sampler through them. Permanent sampling 
s t a t i o n s  were selected randomly by placing a . g r i d  over t h e  beds and nuaber- 
ing poin ts  where gr id  l i n e s  in tersected.  In t he  e a s t  bay 27 s t a t i o n s  were 
selected,  and 3n t h e  Richardson Bay area 24 s t a t i o n s  were selected.  Divers 
r&ed a l l  vegetat ion from th ree  0.25-m2 quadrats a t  each s ta t ion .  The 
vegetation was damp-dried and weighed t o  t h e  neares t  gram immediatkly a f t e r  
When a sub t ida l  spawn occurred, t h e  vegetation sampler was used t o  
.. 2 
collect samples and determine spawning area  (m ), The number of eggs/kg 
of vegetatioa was determined using techniques developed i n  t h e  1979-80 
eeason (Spratt ,  1981). The estimate of egg deposit ion is t h e  product of 
2 2 
number of eggs& vegetation,  kg vege ta t iodm , and spawn a r e a  (m ). 
In addition t o  normal i n t e r t i d a l  spawning, herr ing have u t i l i z e d  San 
Francisco's waterfront p i e r  p i l i ngs  in both t h e  1981-82 and 1982-83 seasons, 
These spa- on pier p i l ings  w e r e  sampled in nnrch the same way as a normal 
intertidal spawn (Spratt ,  1981). Sampling sites were se lec ted  randomly and 
100 sq em samples of eggs w e r e  removed. However, c e r t a i n  problems w e r e  
-encountered that need t o  be  mentioned. Due t o  t h e  width of most p ie rs ,  t h e  
krtexior pilings are not access ib le  and samples had to be taken from p i l i ngs  
on t h e  perimeter of p ie r s .  A t  most sites it was evident  t h a t  t h e  i n t e r i o r  
p i l i n g s  had heavier egg depos i t s  than p i l i n g s  near t h e  perimeter. This 
leads  t o  underestimating t h e  spawn by an unknown degree. It was a l s o  d i f -  
f i c u l t  t o  obta in  an accura te  es t imate  of t h e  spawning area .  The shore l ine  
length was measured following t h e  perimeter of p i e r s  and mult iplying by 
I t h r e e  (3) t o  account f o r  i n t e r i o r  p i l ings .  The spawn width could not be 
~ ... measured due t o  poor sampling condit ions ( t u r b i d i t y ,  c u r r e n t s  and wave ac t ion)  . 
Water depth near most p i e r s  averaged 9 m (30 f t )  from MLLW and eggs were 
1 deposited a s  high a s  2 m (6.6 f t )  above MLLW. This range r e s u l t s  i n  a theo- 
I r e t i c a l  maximum spawn width of 11 m (36 f t ) ,  2 width of 7.3 m (24 f t )  was 
1 . used t o  c a l c u l a t e  spawning area.  Both t h e  egg dens i ty  and spawning a r e a  esti- 
mates a r e  conservative. 
Biomass Computation 
The methods used t o  es t imate  t o t a l  number of eggs deposited during 
a season d i f f e r  between Tomales and San Francisco Bays. However, conver- 
s ion  from numbers of eggs spawned t o  tons of a d u l t s  is  i d e n t i c a l  f o r  both 
bays. 
Hardwick's (1973) es t imate  of fecundity was used t o  convert numbers 
of eggs t o  tons  of herring.  Hardwick estimated fecundity a t  114 eggs/g 
of herr ing (both sexes combined) f o r  Tomales Bay herr ing,  and t h a t  103.5 
mi l l ion  eggs would be produced by 1 ton of adu l t  herring.  
The t o t a l  eggs deposited during t h e  season i s  t h e  sum of t h e  esti- 
mates of each individual  spawn. The number of eggs spawned is converted 
t o  shore tons of spawners by mult iplying by -966 x lo-*, t h e  r e c r i p r o c a l  
of fecundity per ton of a d u l t  herring. 
RESULTS 
Tomales Bay 
There is a t o t a l  of 32 eelgrass beds i n  Tomales Bay (Figure 1). 
2 Bed measurements i n  March, 1983 revealed that 3.9 mil l ion m (Table 1 )  of 
eelgrass w e r e  avai lable  f o r  spawning during the  season. 
The first spawn located t h i s  season occurred on December 10, 1982, 
and a t o t a l  of nine spawning runs was found, tha t  u t i l i z e d  53 individual 
spawning s i t e s  (Table 2). The number of spawning runs was not unusually 
high t h i s  season, but runs w e r e  l a rger  and u t i l i zed  more individual spawn- 
ing sites than i n  recent years. 
There was a s h i f t  i n  the  timing of spawns t h i s  year. For t he  past  
5 yr, over 90% of t h e  season's spawning a c t i v i t y  was completed by February 
f i r s t  (Spratt ,  1982a). I n  the  1982-83 season, spawning was l a t e r ,  with 
over half of t he  season's spawning a c t i v i t y  in  February and ear ly  b r c h  
(Table 3). 
The Tomales Bay population increased i n  1983 t o  the  second highest 
level since the surveys bigan in 1973. I estimate a minimum spawning escape- 
ment of 10,362 tons. The commercial herring roe  f i shery  takes herring j u s t  
p r ior  t o  spawning; therefore,  the  spawning biomass estimate f o r  the  season 
should include t h e  catch. The catch of pre-spawners increased t h e  bio- 
mass estimate f o r  t he  1982-83 season to 11&84 tons of herring. This is 
the second consecutive year t ha t  t he  Tomales Bay population has bcreased  
aigaif icantly (Ta,ble 6) . 
San Francisco Bay 
Department d ive r s  surveyed s u b t i d a l  spawning a reas  of t h e  bay i n  
November 1982 t o  es t imate  t h e  dens i ty  of vegetat ion.  Densi t ies  were very 
low t h i s  year, and t h e  e a s t  bay a rea  between Oakland and Richmond was not 
sampled. Richardson Bay had a mean vegeta t ion dens i ty  of only .040 kg/m 2 
(Figure 3) compared with .480 kg/n? i n  1981 (Sprat t  , 1982b). Richardson 
Bay has been t h e  primary s u b t i d a l  spawning a rea  i n  t h e  bay during t h e  pas t  
two seasons, but with t h e  decl-ine i n  vegeta t ion d e n s i t i e s  i n  1982, 
Richardson Bay was re legated  t o  a minor spzwning area  in t h e  1982-83 
season. The vegeta t ion d e n s i t i e s  i n  t h e  two smaller ,  r egu la r ly  used, 
subt idal  spawning a reas  of Belvedere Cove arid Kiel  Cove were a l s o  measured. 
2 Vegetation i n  Belvedere Cove increased t o  a mean densi ty  of .200 kg/m , 
? 
and t h e  mean densi ty  in K i d  Cave declined t o  only .I60 kg/mS (Figure 3).  
Another GraciZarh spp. bed near P t .  S tua r t  on Angel Is land was a160 sampled 
2 t h i s  year, and t h e  mean vegeta t ion densi ty  was .347 kg/m (Figure 3). With 
t h e  exception of Belvedere Cove and t h e  new.Ange1 Island area ,  t h e  vegeta- 
t i o n  d e n s i t i e s  in t h e  b a y - t h i s  season a r e  t h e  lowcst s i n c e  vegeta t ion sampling 
began i n  t h e  1979-80 season. 
The f i r s t  spzwn of t h e  season was found on Novenber 7, 1982 a t  K i e l  
Cove while diving f o r  vegetation. samples. There wzre a t  l e a s t  n ine  major 
spawning runs during t h e  season (Table 5). Subtidal  spawning was confined t o  
San Francisco Bay (Figure 4), and i n t e r t i z a l  spabming was found i n  both San 
Francisco Bay (Figure 5) and South San Francisco Bay (Figure 6). Only 26% 
of t h e  spawning biomass t h i s  season was from sub t ida l  spawning a s  opposed t o  
77% i n  the  1981-82 season (Sprat t ,  1982b). The l ack  of s u b t i d a l  vegeta t ion 
i n  Richardson Bay caused a change i n  t h e  spawning h a b i t s  of herring.  The 
miles of pier  pi l ings  along San Francisco's waterfront were preferred by 
herring t h i s  season over the  reduced vegetation i n  Richardson Bay. The 
two la rges t  spawns t h i s  season were i n t e r t i d a l  spawns along the  San Fran- 
cisco waterfront south of the  Oakland Bay Bridge (Figure 6) on January 5, 
1983 and February 1, 1983. An addit ional small. spawn occurred on January 
. 27, This spawn, a t  Oyster Point i n  the  South Bay, was not sampled, and 
therefore, not included i n  estimates. There were no spawns i n  the  eas t  
bay t h i s  season. 
Spawning was dis t r ibuted during December, ~anuar;, and February 
(Table 6). No spawning was observed i n  March, although schools of herring 
w e r e  present i n  the  bay. 
I estimated spawning escapement a t  over 49,500 tons of herring. The 
commercial herring roe f ishery catch of pre-spawners was 9695 tons. Includ- 
ing the catch, the  spawning biomass f o r  the  1982-83 season was over 59,200 
tons, a decl ine of 40% from 1981-82 (Table 7). 
DISCUSSION 
Tomales Bay 
The Tomales Bay herring population has increased f o r  2 consecutive yr ,  
and is current ly  aver 11,000 tons, the  second highest l e v e l  recorded. I n  the  
1977-78 season, the  Tomales Bay population peaked a t  22,000 tons (Spratt ,  198k), 
and t h e  same year t he  Sari Francisco Bay population declined t o  about 8700 tons. 
In both 1977-78 and 1982-83, high Tomales Bay estimates correla ted with low 
San Francisco Bay estimates. There appears t o  be a re la t ionship between the  
two bays, a d  the  population may not be en t i re ly  separate. R a h f a l l  reached 
record o r  near record amounts both years, and lower s a l i n i t i e s  i n  San Francisco 
Bay may have caused herring i n  San Francisco Bay t o  seek alternate spawning 
areas. Bunoff f r o m  the  de l t a  a f f ec t s  San Francisco Bay s a l h i t i e s  much more 
than d o f f  i n t o  Tomales Bay. 
San Francisco Bay 
The 1982-83'estimate of the  San Francisco Bay herring population 
declined 40% t o  59,200 tons, Record r a i n f a l l  and abnormally high ocean 
0 0 
temperatures (3 -4 F above normal) off California t h i s  winter contri-  
buted t o  the  low population estimates. I f  the  unusually strong Davidson 
Current t h i s  winter had any a f f ec t  a t  a l l  on herring, it would cause a 
northerly s h f i t  i n  the  d i s t r i bu t ion  of t he  population. This is  not a 
decrease i n  t o t a l  stock s ize ,  but the  r e su l t  is a decrease i n  t ha t  portion 
of the  population t h a t  u t i l i z e s  San Francisco Bay. I f  t h i s  northerly 
s h i f t  d id  ac tua l ly  happen, it accounts f o r  t he  increase in the  Tomales Bay 
population. Record r a i n f a l l  and runoff caused low surface s a l i n i t i e s  i n  
. San Francisco Bay t h i s  winter. This condition may have caused herring t o  
spawn in  deep water, where it was undetected by our survey. 
Both of these conditions ind ica te  t ha t  the  San Francisco Bay popula- 
t ion  may not have declined a s  much a s  the  1982-83 population estimate 
would indicate,  I f  t he  abnormal environmental conditions t h i s  ye& were 
the cause of our survey being ineffect ive,  then the San Francisco Bay 
.population could rebound next year i f  environmental conditions re turn 
t o  normal, If t h e  declin& is r e a l  and it is the  beginning of a downward 
cycle in  t h e  population, next year w i l l  be c r i t i c a l  t o  t h e  f i she ry  because 
quotas will be lowered i f  t he  estimate drops below 50,000 tons. Manage- 
ment s t r a t eg i e s  c a l l  f o r  quotas t o  be set no higher than 20X of t he  previous 
season's spawning biomass. 
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TABLE 1. Tomales Bay Eelgrass Beds a s  Measured in March 1983. 
Bed Area Bed Area 
number (m2 1 number (& 
2 .  10,800 16 42,200 
3 4,600 1 6A 14,600 
4 6,000 17 . 2,200 
5 3,500 18 0 
6 4,400 19 116,600 
7 7,700 20 235,500 
8 9,300 20A 55,900 
9 North 13,000 2 1 1,488,000 
9 South. 17,000 22 140,000 
10 4,100 23 1,209,000 
11 North 15,400 24 20,900 
11 Middle 7, 500 25 165,000 
11 South 2,600 26 l6O,OOO 
12 2,400 27 52,000 
13 100 . 28 21,000 
28A 11,800 
TOTAL AREA 3,873,700 
TABLE 2. Herring Spawn Data for Tomalee Bay, 198243 Season. 
Area No. eggs per kg eelgrass No. eggs Millions 
Data . h c a t  ion" (m2) kg oelgrass per m2 per m of eggs ions 
10 DQC 82 1 5,500 6,600 1.9 12,500 7 2 1 
10 Dec 82 2 5,800 400,000 1.9 760,000 ' 4,408 40 
14 Dec 82 U 6,000 26,000 1.9 49,000 294 3 
20 Dec 82 22 31,000 202,000 1.9 384,000 11,904 115 
2 Jan 83 1 5,500 259,000 1.9 492,000 2,706 30 
2 Jan 83 2 6 160,000 169,000 1.0 169,000 27,040 2 60 
3 Jan 83 2 10,800 1,073,000 1.9 2,039,000 22,021 21 5 
3 J a n 8 3  , 3 4,600. 244,000 1.9 464,000 2,134 20 
3 Jan 83 4 600 249,000 1.9 474,000 284 3 
3 Jan 83 5 3,500 458,000 1.9 870,000 3,045 ,. 30 
3 Jan 83 6 4,400 513,000 1.9 975,000 4,290 4 0 
3 Jan 83 7 8,100 362,000 1.9 688,000 5,573 55 t 
3 Jan 83 8 9,300 1,086,000 1.9 2,063,000 19,186 185 C, C, 
3 Jan 83 9 31,000 , 378,000 1.9 718,000 22,258 215 t 
3 Jan 83 11 15,400 381,000 1.9 724,000 11,150 110 
5 Jan 83 27 5,200 154,000 1.9 293,000 1,523 15 
10 Jan 83 5 3,500 42,000 1.9 80,000 280 3 
10 Jan 83 6 4,400 1,169,000 1.9 2,235,000 . 9,832 9 5 
10 Jan 83 7 8,100 1,042,000 1.9 1,980,000 16,038 . 155 
10 Jan 83 8 9,300 26,000 1.9 49,000 453 5 
10 Jan 83 9 31,000 562,000 1.9 1,068,000 33,108 32 0 
24 Jan 83 9 31,000 588,000 1.0 588,000 18,234 175 
24 Jan 83 23 60,000 373,000 1.9 709,000 42,540 410 . 
24 Jan 83 24 21,000 230,000 . 1.9 437.,000 ' 9,177 90 . 
24 Jan 83 25 110,000 380,000 1.0 380,000 41,800 400 
27 Jan 83 3 4,600 1,02S,OOO 1.9 ' 1,954,000 8,988 90 
27 Jan 83 4 600 197,000 1.9 374,900 224 2 
27 Jan 83 5 3,500 296,000 1.9 562,000 , 1,967 20 
27 Jan 83 6 4,400 25,000 1.9 48,000 211 2 
27 Jan 83 7 8,100 22,000 1.9 418,000 3,385 30 
27 Jan 83 8 9,300 30,000 1.0 30,000 279 3 
29 Jan 83 22 140,000 24 6 ;OOO 1.9 467,000 65,380 630 
31 Jan 83 9 31,000 133,000 1.0 133,000 4,171 40 
31 Jan 83 23 480,000 103,000 1.5 154,000 73,920 715 
31 Jan 83 25 45,000 463,000 1.0 463,000 20,835 200 
* See Figure 1 
O N d O  
v) 0 
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TABLE 3. Tomales Bay Monthly Herring Spawning Biomass, 
Expressed as a Percent of Season Total. 
Month 
Season D e c  Jan Feb Mar 
1973-74 9 36 5 5 - 
1974-75 10 65 22 3 
1977-78 5 93 2 - 
1978-79 - - - no survey conducted - - - 
Monthly I 
average 10 7 0 19 1 
TABLE 4. Tomales Bay Pacific Herring Spawning Biomass Estimates 
1973-74 through 1982-83 Seasons. 
Spawn estimate Catch Spawning biomass 
Season (tons) (tons) (tons) 
TABU 5. San Francisco Bay Ber r ing  Spawn Data, 1982-83 Season. 
Area No. e g g s p e r  kg e e l g r a s s  Mi l l ions  
Date Locat ion (rn2) kg e e l g r a s s  per m2 e r  m of eggs Tons 
7-8 Nov 82 K i e l  Cove 67,000 9,640,000 .I60 1,543,000 ' 103,000 1,000 
22 Nov 82 Belvedere Cove 300,000 1,500,000 .300 450,000 135,000 1,300 
23 Nov 82 Tiburon SO, 000 * * 920,000 46,000 440 
23 Nov 82 K i e l  Cove 67,000 3,400,000 .I60 544,000 36,400 3 50 
23 Nov 82 Angel I s l and  20,000 424,000 .350 148,000 3,000 3 0 
23 Nov 82 Richardson Bay 1,360,000 70,000 ,030 2,100 2,800 3 0 
30 Nov 82 Parad i se  Cove 30,000 300,000 .200 1,800 2 0 60,OOO 
4-6 Dee 82 
6-7 Dec 82 
7 Dec 82 
7 Dec 82 
13-16 Dec 82 
13-16 Dec 82 
21-23 Dec 82 
24-26 Dec 82 
24-26 Dec 82 
5-8. Jan 83  
5-8 Jan 83 
9-12 Jan 83 
20-21 Jan 83 
20-21 Jan 83 
1-7 Feb 83  
21-22 Feb 83  
21-22 Feb 83 
22 Feb 83 
. 22-23 Feb 83 
Richardson Bay 4,280,000 
K i e l  Cove 67,000 
Angel I s l and  15,000 
Tiburon 42,000 
Treasure  I s l and  60,000 
Treasure  I s l a n d  150,OQO 
Richardson Bay 3,344,000 
S a u s a l i t o  215,000 
S a u s a l i t o  40,000 
Treasure  I s l a n d  115,000 
Treasure  I s l and  40,000 
San Francisco 715,000 
Tibruon 67,000 
R i e l  Cove 67,000 
San Francisco 504,000 
Belvedere 37,000 
Belvedere Cove 4,200 
Angel I s l a n d  47,000 
S a u s a l i t o  175,000 
TOTAL 11,989,200 5,129,260 49,548 
* These were i n t e r t i d a l  spawns and v e g e t a t i o n  parameters a r e  no t  used. 
TABLE 6. San Francisco Bay Monthly Herring Spawning Biomass, 
Expressed as a Percent of Seasonal Total. 
Month 
Season Nov* Dec Jan . Feb Mar 
1982-83 
Monthly 
average 
* November was not surveyed prior to the 1979-80 season. 
TABLE 7. San Francisco Bay Pacific Herrtng Spawning Biomass Estimates 
1973-74 through 1982-83 Seasons. 
Spawn estimate Catch Spawning biomass 
Season (tons) (tons) (tons) 
1973-74 4,241 1,938 6,179 
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-FIGURE 2. Herring spawning-ground wnrey area in San.Francisco Bay. 
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FIGURE 3. Vegetation density kg/oZ in Ssn Francisco Bay 
in the f a l l  of 1982. 
FIGURE 4 .  Subt ida l  herring spawnings and d a t e s  of occurrence i n  
San Francisco  Bay during t h e  1982-83 season. 
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FIGURE 6. Intertidal herring spawning and dates of occurrence i n  
south San Francisco Bay during the 1982-83 season. 
